A novel aerobic actinomycete, designated HA11110 T , was isolated from a mangrove soil sample collected in Haikou, China. It formed white aerial mycelium and pale yellow substrate mycelium on Gause's synthetic agar no. 1. Scanning electron microscopy revealed that cells of HA11110
Genus Streptomyces, type genus of the family Streptomycetaceae, was first proposed by Waksman & Henrici (1943) . At the time of writing, there were more than 600 species of the genus Streptomyces with validly published names (Euzéby, 2012 ; http://www.bacterio.net/streptomycesa.html), the largest number of species of any genus in the domain Bacteria (Antony- Babu & Goodfellow, 2008; Okoro et al., 2009; Antony-Babu et al., 2010) . The members of the genus Streptomyces are Gram-positive bacteria with high DNA G+C contents and are characterized by a complex secondary metabolism and branched substrate mycelium and aerial hyphae (Lechevalier & Lechevalier, 1970) .
Mangroves grow in the interface between land and sea at tropical or subtropical latitudes in conditions with high salinity, extreme tides, strong winds and high temperatures (Kathiresan & Bingham, 2001) , which are regarded as highly productive ecosystems and abode to large unexplored microbial diversity (Hatano, 1997; Takeuchi & Hatano, 1999 ).
In the course of exploiting mangrove actinomycete resources, strain HA11110 T was isolated from sediment collected from Dongzhaigang National Nature Reserve, Hainan, China (198 579 N 1108 359 E) . For isolation, 10 g of the sediment sample was heated at 55 8C for 6 min, then suspended in 100 ml sterile aged seawater, stirred for 30 min. The liquid was plated on Gause's synthetic agar no. 1 (Gause et al., 1983) , supplemented with cycloheximide (25 mg ml 21 ), potassium dichromate (50 mg ml 21 ) and nystatin (50 mg ml 21 ), using a tenfold dilution series method. A white colony was picked after incubation at 28 8C for 7 days. The purified strain was maintained on yeast extract/malt extract agar (ISP 2) (Shirling & Gottlieb, 1966) slants at 4 8C for short-term storage and in glycerol suspensions (20 %, w/v) at 270 8C for long-term preservation.
light microscopy and scanning electron microscopy (Hitachi S-3000N) after being cultured on ISP 2 agar at 28 8C for 15 days. Hydrolysis of starch, gelatin, cellulose, and Tweens 20 and 80, milk coagulation and peptonization, and determinations of H 2 S and melanin production, soluble pigment production, nitrate reduction and sole carbon source utilization (final concentration of 1.0 %, w/v) were performed as described by Williams et al. (1989) . Temperature (8, 14, 28, 37, 40, 45 and 50 8C) , pH range (4.0-12.0 with 1.0 pH unit increments) and tolerance to NaCl (0 and 1-10 %, at 1.0 %, w/v, intervals) for growth were tested using the protocol described by Xu et al. (2005) .
Biomass for chemotaxonomic and molecular systematic studies was obtained using ISP 2 (with natural seawater instead of distilled water) for 5 days at 28 8C, harvested by centrifugation (2000 g) and washed twice with sterile distilled water. The isomers of diaminopimelic acid and whole-organism sugars were analysed following the procedures developed by Lechevalier & Lechevalier (1980) . Menaquinones were extracted (Minnikin et al., 1984) and determined by reversephase HPLC (model P680; Dionex) on a chromatograph equipped with an ODS-BP C18 column (Collins, 1985) . Fatty acid methyl esters were prepared and determined with GC/MS (model GC-2010; Shimadzu) (Kuykendall et al., 1988) . Polar lipids were extracted and examined by using published procedures (Minnikin et al. 1984; Ruan, 2006) .
Strain HA11110
T grew well on yeast extract/malt extract (ISP 2) agar, Gause's synthetic agar no. 1 and Czapek's agar; moderate growth was observed on glycerol/asparagine agar (ISP 5), and poor growth on oatmeal agar (ISP 3) and inorganic salts/starch agar (ISP 4). The cultural characteristics of strain HA11110
T on various standard media are given in Table 1 . No diffusible pigments were produced. When grown on ISP 2 for 15 days at 28 8C, the novel strain formed extensively branched substrate mycelium and aerial hyphae which differentiated into straight to spiral spore chains with spiny spores (Fig. S1 , available in the online Supplementary Material). The physiological characteristics that distinguish strain HA11110
T from its closest relatives in the genus Streptomyces are shown in Table 2 .
The strain's cell wall contained LL-diaminopimelic acid and glycine, which is typical of chemotype I (Lechevalier & Lechevalier, 1970) . Fatty acid analysis showed that it contained straightchain, iso-and anteiso-branched components. The major cellular fatty acids (.4 %) were iso-C 16 : 0 (31.73 %), anteiso-C 15 : 0 (23.33 %), iso-C 14 : 0 (16.62 %), iso-C 16 : 1 H (9.46 %) and anteiso-C 17 : 0 (4.73 %). The polar lipids consisted of phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol dimannosides, two unknown aminolipids, two unknown phospholipids and two unknown glycolipids (Figs S2-S7).
Genomic DNA was extracted with a Bacterial Genomic DNA Isolation kit (Foregene Biosciences) according to the manufacturer's protocol. PCR amplification of the 16S rRNA gene was performed by using primers 27 F and 1492 R (Weisburg et al. 1991) . The amplified 16S rRNA gene was sequenced and multiply aligned using CLUSTAL X version 2.0 (Thompson et al., 1997) with the corresponding sequences of the most closely related type strains of members of the genus Streptomyces obtained from the EzTaxon server (http://www.eztaxon.org) (Kim et al., 2012) . Phylogenetic trees were generated using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods in the MEGA 5 software package (Tamura et al., 2011) . Tree topologies were evaluated by bootstrap analysis based on 1000 replications (Felsenstein, 1985) . The DNA G+C content of strain HA11110
T was determined by the HPLC method (Mesbah et al., 1989) . DNA-DNA relatedness experiments were performed by the method described by Ezaki et al. (1989) . Relatedness values were calculated according to the method of Christensen et al. (2000) .
The results of BLAST analysis of 16S rRNA gene sequences indicated that strain HA11110
T was aligned most closely with related members of the genus Streptomyces. High 16S rRNA gene sequences were found with Streptomyces fenghuangensis GIMN4.003 T (99.1 % sequence similarity), Streptomyces nanhaiensis SCSIO 01248 T (98.8 %) and Streptomyces radiopugnans R97 T (98.8 %). Phylogenetic analysis indicated that the novel strain formed a distinct subclade and clustered with the type strains of S. fenghuangensis and S. nanhaiensis, close to S. radiopugnans. Topologies of phylogenetic trees reconstructed using maximum-parsimony and maximumlikelihood were similar to those of the tree reconstructed by neighbour-joining analysis (Fig. 1) . The results showed 
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T had the closest phylogenetic affinity to the type strains of S. fenghuangensis and S. nanhaiensis although with low bootstrap support.
The levels of DNA-DNA relatedness between strain HA11110
T and the type strains of S. fenghuangensis, S. nanhaiensis and S. radiopugnans were found to be 58.4, 49.7 and 47.2 %, respectively, which all fell well below the 70 % accepted threshold value for genomic species delineation (Wayne et al., 1987) . The DNA G+C content of strain HA11110
T was 72.6 mol%.
Description of Streptomyces mangrovi sp. nov.
Streptomyces mangrovi (man.gro9vi. N.L. gen. n. mangrovi of mangrove, where the bacterium was isolated).
Aerobic, Gram-stain-positive, catalase-positive actinomycete. The aerial mycelia are white and the substrate mycelia are yellowish-white on ISP 2 agar. The aerial mycelia differentiated into straight to spiral spore chains with spiny spores. Spores are oval in shape with spiny surfaces. Good growth on yeast extract/malt extract agar (ISP 2), Gause's synthetic agar no. 1 and Czapek's agar, moderate growth on glycerol/asparagine agar (ISP 5) and poor growth on oatmeal agar (ISP 3) and inorganic salts/starch agar (ISP 4 Streptomyces mangrovi sp. nov.
